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1
BATTERY MODULLE

CROSS-REFERENCE TO RELAT
APPLICATIONS

s
»

This application claims the benefit of U.S. Provisional

Application Nos. 61/431,345, filed on Jan. 10, 2011, and
61/432,573, filed Jan. 13, 2011, in the United States Patent
and Trademark Oflice, the disclosures of which are imncorpo-
rated herein 1n their entirety by reference.

BACKGROUND OF THE INVENTION

1. Field
The embodiment relates to a battery module.

2. Description of Related Art

Recently, a high-output battery module using a high energy
density nonaqueous electrolyte has been developed, and the
high-output battery module 1s realized by a high-capacity
battery module formed by connecting a plurality of battery
cells m series so that the battery module can be used for
devices requiring high power, for example, a driving motor of
an electric car.

A battery cell typically includes an electrode assembly
formed of a positive plate and a negative plate, and an elec-
trolyte, and generates energy through an electrochemical
reaction between the plates and the electrolyte. Gas may be
generated 1n the battery cell due to a side reaction of the
clectrochemical reaction.

The gas may deform an external appearance of the battery
cell to affect a shape of the battery module including the
plurality of arranged battery cells, thereby causing instability
among the battery cells.

SUMMARY

An aspect of the present invention 1s to provide a new type
of a barrier to provide a battery module which decreases 1n
volume and becomes light.

Another aspect of the present invention 1s to provide a
battery module having a barrier to efficiently provide a chan-
nel of a heat transmission medium.

According to an aspect of the present invention, there 1s
provided a battery module including a plurality of battery
cells arranged in one direction, a barrier disposed between the
plurality of battery cells; and a housing accommodating the
battery cells and the barner, wherein the barrier includes at
least one linear member having a plurality of protrusions, and
first and second lateral members respectively connected to
one end portion and another end portion of the linear member,
and the first and second lateral members include at least one
opening.

The housing may include a pair of first and second end
plates disposed outside the battery cells and a connecting
member connecting the first and second end plates.

Here, the connecting member may include side plates sup-
porting opposite sides of the battery cells and a bottom plate
supporting a bottom side of the battery cells.

The linear member may have a length corresponding to a
width of the battery cells, and the protrusions may be spaced
at regular 1intervals on the linear member.

A plurality of linear members may be arranged side by side
and spaced regular intervals 1n a lengthwise direction of the
battery cells.
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2
The protrusions may have a round or polygonal tube shape.

r

The opening may be formed 1n a portion of the first or

second lateral member which 1s not connected to the one end
portion and the other end portion of the linear members.

The first or second lateral member may be disposed 1n the
lengthwise direction of the battery cells and be connected
vertically to the linear members.

The first or second lateral member may be a rectangular
plate to face a lateral side of the battery cells.

The plurality of linear members may be spaced and con-
nected 1n a lengthwise direction of the first or second lateral
member, and be disposed 1n a central position of the first or
second lateral member.

The opening may include a plurality of holes spaced 1n the
lengthwise direction of the first or second lateral member.

The barrier may further include a lower member connect-
ing the first and second lateral members and formed corre-
sponding to the bottom side of the battery cells.

The lower member may be formed to extend from the first
and second lateral members and have the same width as the
first and the second lateral members.

Here, the lower member may further include a guide part
projecting upwards 1n a central portion of the lower member.

Further, the guide part may be disposed parallel with the
linear members and connect one end portion of the first lateral
member to one end portion of the second lateral member.

The barrier may further include an upper member connect-
ing the first and second lateral members and formed corre-
sponding to a cap assembly of the battery cells.

The first or second lateral member may be disposed corre-
sponding to the lateral sides of the battery cells and be bent at
an upper edge of the battery cells to extend to cover part of the
cap assembly of the battery cells.

As described above, according to exemplary embodiments
of the present invention, a battery module uses a novel barrier,
so that the battery module decreases in volume and becomes
light.

According to exemplary embodiments of the present
invention, a battery module has a barrier to efficiently provide
a channel of a heat transmission medium between battery
cells.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, together with the specifica-
tion, 1llustrate exemplary embodiments of the present inven-
tion, and, together with the description, serve to explain the
principles of the present invention.

FIG. 1 1s a perspective view of a battery module according,
to an exemplary embodiment of the present invention;

FIG. 2 1s an exploded perspective view of the battery mod-
ule of FIG. 1;

FIG. 3 1s a perspective view of a barrier located between
battery cells according to an exemplary embodiment of the
present invention;

FIG. 4A 15 a perspective view of the barrier according to an
exemplary example of the present invention;

FIG. 4B 1s a lateral view of the barrier according to the
exemplary embodiment of the present invention;

FIG. 5A 1s a perspective view ol a barrier according to
another exemplary embodiment of the present invention;

FIG. 5B 1s a lateral view of the barrier of FIG. 5A;

FIG. 6 A 15 a perspective view of a barrier according to sill
another exemplary embodiment of the present invention;

FI1G. 6B 1s a lateral view of the barrier of FIG. 6A;

FIG. 7A 1s a perspective view of a barrier according to yet
another exemplary embodiment of the present invention;
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FIG. 7B 1s a lateral view of the barrier of FIG. 7A;
FIG. 8A 1s a perspective view of a barrier according to still

another exemplary embodiment of the present invention; and
FIG. 8B 1s a lateral view of the barrier of FIG. 8A.

DETAILED DESCRIPTION OF THE INVENTION

In the following detailed description, only certain exem-
plary embodiments of the present invention have been shown
and described, simply by way of 1llustration. As those skilled
in the art would realize, the described embodiments may be
modified 1n various different ways, all without departing from
the spirit or scope of the present invention. Accordingly, the
drawings and description are to be regarded as 1llustrative 1n
nature and not restrictive. In addition, when an element 1s
referred to as being “on” another element, 1t can be directly on
the other element or be indirectly on the other element with
one or more intervening elements interposed therebetween.
Also, when an element 1s referred to as being “connected to™
another element, it can be directly connected to the other
clement or be indirectly connected to the other element with
one or more intervening elements interposed therebetween.
Hereinafter, like reference numerals refer to like elements.

Hereinafter, exemplary embodiments of the present inven-
tion are described with reference to the accompanying draw-
Ings.

FIG. 1 1s a perspective view of a battery module according,
to an exemplary embodiment of the present invention, and
FIG. 2 1s an exploded perspective view of the battery module
of FIG. 1.

Referring to FIGS. 1 and 2, the battery module 100 accord-
ing to the exemplary embodiment of the present invention
includes a plurality of battery cells 10 stacked together, a
barrier 150 located between adjacent battery cells 10, and a
housing 110, 120, 130, and 140 accommodating the battery
cells 10 and the barriers 150. The barriers 150 includes at least
one linear member or bridge 153 having a plurality of protru-
sions 154, and a first lateral member 151 and a second lateral
member 152 respectively connected first and second end por-
tions of the linear member 153, wherein the first and second
lateral members 151 and 152 each include at least one open-
ng.

The battery cells 10 may be formed by accommodating an
clectrode assembly and an electrolyte 1n a battery case and
sealing the battery case with a cap assembly 14, wherein a
bottom surface of the battery case i1s generally opposite to the
cap assembly. The cap assembly 14 may include a positive
terminal 11 and a negative terminal 12 which are formed on
opposite end portions of the cap assembly 14 and a vent 13
formed between the terminals 11 and 12. The electrode
assembly may include a positive plate, a negative plate, and a
separator located between the plates. The positive plate 1s
connected to the positive terminal 11, and the negative plate 1s
connected to the negative terminal 12 so that energy gener-
ated by an electrochemical reaction of the electrode assembly
and the electrolyte 1s transmitted to the outside. Further, the
vent 13 functions as a path through which gas generated in the
battery cell 10 1s discharged to the outside.

The housing 110, 120, 130, and 140 fixes the plurality of
battery cells 10 and the barrier 150 to form the battery module
100. The housing 110, 120, 130, and 140 may be formed of a
pair of first and second end plates 110 and 120 located at
opposite ends of the stacked battery cells 10, and a connecting
member 130 and 140 coupled to and extending between the
first and second end plates 110 and 120.

The first and second end plates 110 and 120 and the con-
necting member 130 and 140 form a space to accommodate
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the battery cells 10, and the battery cells 10 are stacked 1n one
direction 1n the formed space. In one embodiment, the battery
cells 10 are arranged side by side with wider front sides facing
cach other. The positive terminal 11 or the negative terminal
12 of two neighboring battery cells 10 may be electrically
connected through a bus bar 15. The bus bar 15 includes holes
through which the positive terminal 11 and the negative ter-
minal 12 pass, and the bus bar 15 may be fixed by anut 16 or
the like with the positive terminal 11 and the negative terminal
12 passing through the hole and being connected.

The connecting members 130 and 140 may include a pair
ol side plates 130 to support opposite lateral sides of the
battery cells 10, and a bottom plate 140 to support a bottom
side of the battery cells 10. The pair of side plates 130 support
the opposite lateral sides of the battery cells, 10, and the
bottom plate 140 supports the bottom side of the battery cells
10. One end portion of the side plates 130 and the bottom plate
are respectively coupled with the first end plate 110, and
another end portion thereof are coupled with the second end
plate 120, so that the first and second end plates 110 and 120
are connected to each other. Here, coupling 1s made through
a bolt and a nut, but 1s not limited thereto.

The first and second end plates 110 and 120 are 1n surface
contact with battery cells 10 at opposite ends to press the
plurality of battery cells 10 mnwards (i.e., to compress the
battery cells together). The battery cells 10 supported by the
first and second end plates 110 and 120 are arranged with the
positive terminals 11 and the negative terminals 12 being
alternately oriented so that neighboring terminals are con-
nected 1n series.

The first and second end plates 110 and 120, the pair of side
plates 130, and the bottom plate 140 are provided to stably fix
the battery cells 10, may be modified, and are not limited to a
configuration in the present embodiment. Further, a connec-
tion structure and a number of battery cells 10 may be
changed based on a desired design of the battery module 100.

FIG. 3 1s a perspective view of a barrier located between
battery cells according to an exemplary embodiment of the
present invention, FIG. 4A 1s a perspective of the barrier
according to the exemplary example of the present invention,
and FI1G. 4B 1s a lateral view of the barrier according to the
exemplary embodiment of the present invention.

Referring to FIGS. 3 to 4B, the barrier 150 located between
the battery cells 10 includes the at least one linear member
153 having the protrusions 1354, and the first and second
lateral members 151 and 152 respectively connected to end
portions of the linear member 153. The first and second lateral
members 151 and 152 may include at least one opening 1515
and 1525. In addition, the first and second lateral members
151 and 152 are oriented to be parallel with each other 1n a
lengthwise direction of the battery cells 10 to be connected
vertically to the linear member 133.

The linear member 153 may have a length generally cor-
responding to a width of the battery cells 10, and the protru-
sions 154 may be spaced at regular intervals on the linear
member 153. Further, a plurality of linear members 153 may
be arranged side by side and spaced at regular intervals in the
lengthwise direction of the battery cells 10.

The barrier 150 1s located between neighboring battery
cells 10 and spaces the battery cells 10 from each other. Thus,
a space may be formed between the battery cells 10 due to the
barrier 150. The space may function as a heat discharge path
so that heat generated 1n the battery cells 10 due to numerous
charging and discharging cycles does not accumulate. Fur-
ther, the space may serve as a path Ul and U2 of a heat
transmission medium for cooling or heating the battery cells
10. In other words, the heat transmission medium 1s intro-
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duced from one side Ul of the battery module 100, passes
through the space formed by the barrier 150 to exchange heat
being in direct contact with a wider side o the battery cells 10,
and 1s discharged to another side U2 of the battery module
100 so that the battery cells 10 maintain a certain temperature.

Generally, a barrier includes a plate member corresponding
to a battery cell and a protrusion formed on the plate member.
The plate member 1s oriented to face a wide front side of the
battery cell, and only a space between the protrusions func-
tions as a traveling path of a heat transmission medium.
However, in the present mvention, the barrier includes the
linear member and the protrusions formed on the linear mem-
ber. Thus, unlike the general plate member, not only the space
formed by the battery cells and the protrusions but a space
between linear members functions as the path of the heat
transmission medium. Accordingly, with the same volume, a
battery module using the barrier according to the present
invention has an increased traveling path of the heat transmis-
sion medium to effectively heat or cool the battery cells
within a short time. Moreover, heat exchange efficiency of the
battery cells 1s improved to use less heat transmission media,
thereby reducing manufacturing costs. In addition, the weight
of a battery module of embodiments of the present invention
1s minimized compared to a battery module using a barrier
having the general plate member.

Referring to FIGS. 4A and 4B, the barrier 150 may include
the first or second lateral member 151 or 152 connecting the
linear members 153, and the first or second lateral member
151 or 152 may be a rectangular plate facing a lateral side of
the battery cells 10. The first or second lateral member 151 or
152 may be configured to accommodate the spaced plurality
of linear members 153 in lines. Furthermore, the first or
second lateral member 151 or 152 may have a shape generally
corresponding to the lateral side of the battery cells 10 to
provide a basic frame of the barrier 150.

In the barrier 150, the linear members 153 are oriented to
generally correspond to the wider side of the battery cells 10,
and the first or second lateral member 151 or 152 1s oriented
to generally correspond to opposite sides of the battery cells
10. For example, the plurality of linear members 153 may be
connected to the first or second lateral member 151 or 152,
being spaced along a lengthwise direction of the first and
second lateral members 151 and 152, and extending between
the first and second lateral members 151 and 152. Thus, the
linear members 153 and the first or second lateral member
151 or 152 may be connected to each other such that the linear
members extend between the first and second lateral mem-
bers 151 and 152.

Generally, the plurality of battery cells 10 are fixed via
connection of a component, such as a bracket or a plate, not
using an integrated housing, for minimizing weight, but these
components do not secure the battery cells 10 as well as the
integrated housing. In one embodiment, more components
are used 1n order to compensate for the reduced security. In
this case, security of the battery cells 10 may be maximized,
while weight may be minimized compared to the integrated
housing. Thus, 1n order to make the housing light and to
securely fix the battery cells 10, the first or second lateral
member 151 or 152 of the barrier 150 may be a rectangular
plate facing the lateral side of the battery cells 10. Here, the
first or second lateral member 151 or 152 1s connected
approximately vertically (i.e., at about a right angle) to the
linear members 153, thereby further securely fixing the bat-
tery cells 10.

Further, the first or second lateral member 151 or 152 may
include at least one opening 1515 and 1525, and the opening
1516 and 1525 may function as an inlet or outlet of the heat
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transmission medium. The opening 151 may be formed 1n a
portion of the first or second lateral member 151 or 152 which
1s not connected to either end portion of the linear members
153.

In the present embodiment, 1n order to maintain the form of
the barrier 150, the one end portion of the linear members 153
1s connected and coupled to the first lateral member 151, and
the other end portion thereof 1s connected and coupled to the
second lateral member 152. Coupled portions are referred to
as connecting parts 151q and 152q, and the connecting parts
151a and 152a may be formed to correspond to end portions
of the linear members 153. In other words, a length of the
connecting parts 151 a and 152a may correspond to a length
of the end portions of the linear members 153. Further, the
opening 1515 and 1525 1s formed 1n a portion excluding the
connecting part 151q and 152a where the linear members 153
1s coupled 1n the lengthwise direction of the battery cells 10

and 1s alternately disposed with the connecting part 1514 and

152a.

The first and second lateral members 151 and 152 {ix the
lateral side of the battery cells 10, are connected to the linear
members 153, and function as an inlet or outlet (refer to Ul
and U2 1 FIG. 3) of the heat transmission medium passing
between the battery cells 10 and the linear members 153.
Thus, the first or second lateral member 151 or 152 includes
the connecting part 151a and 152a and the opening 1515 and
15256. The opening 151 b and 15256 may include a plurality of
holes spaced 1n the lengthwise direction of the first or second
lateral member 151 or 152. Here, the opeming 1515 and 1525
may include rectangular holes. The opening 1515 and 1525 15
formed between the connecting parts 1515 and 1525 1n the
first and second lateral members 151 and 152, and has the
rectangular holes to increase heat exchange efficiency of the
battery cells 10 and to maintain the structure of the barrier
150.

Heremafiter, other exemplary embodiments of the present
invention will be described with reference to FIGS. SA to 8B.
Except for the following description, descriptions with refer-
ence to FIGS. 5A to 8B are similar to those described above
with reference to FIGS. 1 to 4B, and thus are not repeated.

FIG. SA 1s a perspective view of a barrier according to
another exemplary embodiment of the present invention, and
FIG. 5B 1s a lateral view of the barrier according to the other
exemplary embodiment of the present invention.

Referring to FIGS. 5A and 3B, the barrier 250 may include
a linear member 253 having at least one protrusion 254 and a
first or second lateral member 251 or 2352 connected to the
linear member 2353. The first or second lateral member 251 or
252 may include a connecting part 251a and 252a connected
and coupled to the linear member 253, and an opening 2515
and 23525b disposed between the connecting parts 251a and
252a.

The opening 2515 and 2525 may function as an inlet or
outlet of the heat transmission medium, and thus the opening
2515 and 252b6 may have a larger size to improve heat
exchange efficiency of the battery cells. In other words, the
connecting part 251a and 252aq has a relatively smaller area 1n
order to increase the size of the opening 2515 and 2525. Thus,
a thickness of the linear member 253 1s reduced to decrease
the area of the connecting part 251 a and 252a which 1s
coupled to the linear members 253, and an area of the linear
members 253 located between the battery cells and the barrier
250 1s minimized to increase a contact area of the battery cells
with the heat transmission medium. Further, in the present
embodiment, due to a retlective effect of increasing the size of
the opening 2515 and 2525, a size of the connecting part 251a
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and 252a and a size of the linear members 253 are reduced, so
that the battery module may become lighter.

FIG. 6A 1s a perspective view of a barrier according to sill
another exemplary embodiment of the present invention, and
FIG. 6B 1s a lateral view of the barrier according to the other
exemplary embodiment of the present invention.

Referring to. FIGS. 6 A and 6B, the barrier 350 may include

a linear member 353 and a first or second lateral member 351
or 352 including a connecting part 351a and 352a connected
to the linear member 353 and an opening 3515 and 35256. The
linear member 353 may include at least one protrusion 354.

The protrusion 354 may be formed to project from the
linear member 353 and be 1n direct contact with the battery
cells. The protrusion 354 etlectively spaces the battery cells
and 1s 1n surface contact with adjacent battery cells to stably
maintain an interval from the battery cells. The protrusion 354
may be formed 1n a round or polygonal tube, and 1s formed,
for example, 1n a polygonal tube in the present embodiment.

FIG. 7A 1s a perspective view of a barrier according to yet
another exemplary embodiment of the present invention, and
FIG. 7B 1s a lateral view of the barrier according to the other
exemplary embodiment of the present invention.

Referring to FIGS. 7A and 7B, the barrier 450 may include
a linear member 453 having at least one protrusion 4354 and a
first or second lateral member 451 or 452 connected to the
linear member 453. The first or second lateral member 451 or
452 may include a connecting part 451q and 452a connected
and coupled to the linear members 453, and an opening 4515
and 452b functioning as a path of the heat transmission
medium. Further, the barrier 450 may further include a lower
member 455 connecting the first and second lateral members
451 and 452 and formed corresponding to a bottom side of the
battery cells.

The lower member 455 may be formed to extend from the
first and second lateral members 451 and 452 and have the
same width as the first and second lateral members 451 and
452. The lower member 435 1s located generally correspond-
ing to the bottom side of the battery cells and supports the
bottom side of the battery cells to securely fix the battery cells.
Further, the lower member 455 connects the first and second
lateral members 451 and 452 to strengthen the structural
integrity of the barrier 450.

The lower member 455 may further include a guide part
456 projecting upwards along a central portion of the lower
member 455. The guide part 456 1s oriented generally parallel
with the linear member 453 and connects one end portion of

the first lateral member 451 to one end portion of the second
lateral member 452.

The lower member 455 of the barrier 450 accommodates
bottom sides ol neighboring battery cells spaced by the linear
member 453, and the battery cells are spaced from each other
at an 1interval by the linear member 4353 having the protrusion
454. Here, the guide part 456 formed on the lower member
455 guides the bottom sides of the neighboring battery cells
and stably fixes the battery cells against external force, such
as vibrations.

In addition, the guide part 456 1s formed approximately 1n
the central portion of the lower member 455, wherein one end
4564 of the guide part 456 1s 1n contact with one end portion
of the first lateral member 451, and another end 4565 thereof
1s 1n contact with one end portion of the second lateral mem-
ber 452. The guide part 456 1s oriented to connect the first and
second lateral members 451 and 452, thereby stably fixing the
bottom side of the battery cells.

FIG. 8A 1s a perspective view of a barrier according to still
another exemplary embodiment of the present invention, and
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FIG. 8B 1s a lateral view of the barrier according to the other
exemplary embodiment of the present invention.

Referring to FIGS. 8A and 8B, the barrier 550 may include
a linear member 553 having at least one protrusion 554 and a
first or second lateral member 551 or 5352 connected to the
linear member $53. The first or second lateral member 551 or
552 may include a connecting part 551a and 552a and an
opening 53515 and 552b. Further, the barrier 350 may further
include a lower member 355 connecting the first and second
lateral members 551 and 552 and formed corresponding to
the bottom sides of the battery cells. The lower member 5335
may further include a guide part 556 guiding the bottom sides
of neighboring battery cells to a position.

In the barrier 550 of the present embodiment, the first or
second lateral member 551 or 552 may be formed to generally
correspond to a lateral side of the battery cells and include an
edge fixing part 351¢ and 552¢ bent at an upper edge of the
battery cells and extending to cover part of the cap assembly
of the battery cells. The edge fixing parts 351¢ and 552¢ fix
opposite upper edges of the battery cells. Thus, the barrier 550
1s oriented to cover the opposite lateral sides of the battery
cells, the bottom sides of the battery cells, and at least part of
the cap assembly, thereby securely fixing the battery cells so
as not to significantly vibrate by external force.

Further, the barrier 350 may further include an upper mem-
ber 357 connecting the first and second lateral members 551
and 552 and formed corresponding to the battery cells. In
detail, the upper member 557 1s formed to extend between the
opposite edge fixing parts 551¢ and 552¢ extending from the
first and second lateral members 551 and 552, and the barrier
550 may have a rectangular frame shape including the linear
member 533 therein.

The upper member 557 may include a supporting part 5574
oriented parallel with the linear member 553 and being 1n
contact with an upper side of the battery cells connected to the
cap assembly and a flange 557bH bent approximately 1n a
central portion of the supporting part 557a.

The supporting part 557q has an approximately similar
thickness to the linear member 553 and 1s arranged and
spaced from the linear member 553. Thus, one end of the
supporting part 557a extends from the edge fixing part 551 ¢
of the first lateral member 551, and another end of the sup-
porting part 356a 1s connected to the edge fixing part 552¢ of
the second lateral member 552. The supporting part 557a 1s
arranged substantially parallel with the guide part 556 formed
in the lower member 555 and 1s located between neighboring
battery cells.

The flange 5575 bent approximately 1n the central portion
of the supporting part 557a may be located corresponding to
the cap assembly of the battery cells. As described above, the
cap assembly may include various components, such as the
positive terminal, the negative terminal, or the like. The flange
5575 1s formed to correspond to a shape of the cap assembly
and to not interfere with the components based on shapes of
the components 1n the cap assembly. The supporting part
557a of the upper member 557 1s connected to the opposite
edge fixing parts 551¢ and 552¢ to improve strength of the
barrier 550 and to support the flange 5575 to extend. Thus, the
flange 557b presses the cap assembly of the battery cells
downwards to securely fix the battery cells.

While the present invention has been described 1n connec-
tion with certain exemplary embodiments, 1t 1s to be under-
stood that the invention 1s not limited to the disclosed embodi-
ments, but, on the contrary, 1s mtended to cover various
modifications and equivalent arrangements included within
the spirit and scope of the appended claims, and equivalents
thereof.
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What 1s claimed 1s:

1. A battery module comprising:

a plurality of battery cells;

a barrier located between, adjacent ones of the battery
cells, the barrier comprising:

a first lateral member having an opening;

a second lateral member having an opening, wherein the

first and second lateral members have a width; and

a plurality of bridges extending from the first lateral

member to the second lateral member in a central
position with respect to the width of the first lateral
member and the second lateral members, wherein at
least three of the bridges are substantially equally
spaced from a respective adjacent bridge along a
length of the first and second lateral members; and

a housing accommodating the battery cells and the barrier,

wherein each of the bridges has at least one protrusion, and

wherein a thickness of the at least one protrusion 1s greater

than a thickness of the bridge from which 1t protrudes.

2. The battery module of claim 1, wherein a height of the at
least one protrusion 1s greater than a height of the bridge from
which it protrudes.

3. The battery module of claim 1, wherein the at least one
protrusion 1s generally disc-shaped or polygonal.

4. The battery module of claim 1, wherein the first and
second lateral members have a flat surface overlapping an
edge of each adjacent battery cell.

5. The battery module of claim 1, wherein the plurality of
bridges are spaced from each other along the first and second
lateral members.

6. The battery module of claim 1, wherein the openings on
the first and second lateral members are spaced from the
bridge.

7. The battery module of claim 1, wherein the first and
second lateral members each have a plurality of openings.

8. The battery module of claim 1, wherein the barrier
turther comprises a lower member extending between the first
and second lateral members and wherein the lower member
overlaps with a bottom surface of adjacent ones of the battery
cells.

9. The battery module of claim 8, wherein the lower mem-
ber includes a guide protruding along a length of the lower
member, wherein the guide 1s located between adjacent ones
of the battery cells.
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10. The battery module of claim 9, wherein the guide
member substantially bisects the lower member.

11. The battery module of claim 8, wherein a width of the
lower member 1s substantially equal to a width of the first and
second lateral members.

12. The battery module of claim 1 further comprising an
upper member and extending between the first and second
lateral members, the upper member comprising a support
coupled to the first and second lateral members and a flange
protruding from the support and configured to overlap with a
cap assembly of adjacent ones of the battery cells.

13. The battery module of claim 1, wherein the first and
second lateral members each further comprise an edge fixing
portion extending from an edge of each respective lateral
member toward the battery cells and which overlap with a
portion of the cap assembly.

14. The battery module of claim 1, wherein a length of the
bridge 1s substantially equal to a width of one of the battery
cells.

15. The battery module of claim 1, wherein the housing
comprises a pair of end plates located on opposite ends of the
battery cells and connecting members coupled to and extend-
ing between the pair of ends plates.

16. A battery module comprising;:

a plurality of battery cells;

a barrier located between adjacent ones of the battery cells,

the barrier comprising;

a first lateral member having an opening;

a second lateral member having an opening, wherein the
first and second lateral members have a width; and

a plurality of bridges extending from the first lateral
member to the second lateral member in a central
position with respect to the width of the first lateral
member and the second lateral member, wherein at
least three of the bridges are substantially equally
spaced from a respective adjacent bridge along a
length of the first and second lateral members,
wherein a height of the bridges 1s less than the length
of the first and second lateral members; and

a housing accommodating the battery cells and the barrier,
wherein each of the bridges has at least one protrusion, and
wherein a thickness of the at least one protrusion is greater

than a thickness of the bridge from which it protrudes.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 9,356,268 B2 Page 1 of 1
APPLICATION NO. . 13/253862

DATED . May 31, 2016

INVENTORC(S) - Hee-Joon Jin

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

Column 9, Line 4, Delete “between, adjacent”,
Claim 1 Insert --between adjacent--
Column 9, Line 12, Delete “‘second lateral members,”,
Claim 1 Insert --second lateral member,--

Column 10, Line 6, Delete “claim 1 further”,
Claim 12 Insert --claim 1, further--

Column 10, Line 23,  Delete “pair of ends plates”,
Claim 15 Insert --pair of end plates--

Signed and Sealed this
- Tweltth Day ot June, 2013

Andre1 Iancu
Director of the United States Patent and Trademark Office
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